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(57) ABSTRACT

Method, device, and system for setting an operating param-
eter of a radio receiver included in a radio based on a

predicted radio signal environment. One method includes
determining an operating location of the radio. The method
also 1includes determining a transmission characteristic of at
least one base station. The method turther includes predict-
ing, with an electronic processor, the radio signal environ-
ment of the radio receiver based on the transmission char-
acteristic of the at least one base station and the operating
location of the radio. The method also includes setting the
operating parameter of the radio recerver based on the radio
signal environment.

18 Claims, 6 Drawing Sheets
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METHOD, DEVICE, AND SYSTEM FOR
SETTING AN OPERATING PARAMETER OF
A RADIO RECEIVER BASED ON A

PREDICTED RADIO SIGNAL
ENVIRONMENT

BACKGROUND OF THE INVENTION

A radio receiver may experience interference from other
transmitting devices, such as base stations, radio transmit-
ters, and the like. As radio-based services expand and as the
number of subscribers of radio-based services increases, the
interference experienced by a radio receirver may increase.
Also, when a radio recerver 1s mobile, 1t may be difhicult to
identily potential interference sources for the radio receiver
as interference sources may change as the radio receiver
changes location. Furthermore, even when an interference
source for a radio recerver 1s 1dentified, it may be costly to
address the interference. For example, permanently chang-
Ing or re-assigning a communication channel or frequency
ol a radio-based service to avoid interference may be expen-
stve and a lengthy process. Similarly, incorporating func-
tionality into a radio receiver to address harsh interference
may increase the radio receiver’s power consumption with-
out providing a benefit 1n many cases. For example, in some
situations, a radio receiver may not experience harsh inter-
ference and, hence, may waste battery life and processing
resources addressing interference that 1s not present.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to 1dentical or functionally similar elements throughout
the separate views, together with the detailed description
below, are incorporated 1n and form part of the specification,
and serve to further illustrate embodiments of concepts that
include the claimed invention, and explain various prin-
ciples and advantages of those embodiments.

FIG. 1 1s a block diagram of a communication system in
accordance with some embodiments.

FIG. 2 1s a block diagram of a radio included in the
communication system of FIG. 1 in accordance with some
embodiments.

FIG. 3 1s a block diagram of a host device included 1n the
communication system of FIG. 1 1n accordance with some
embodiments.

FIG. 4 1s a flowchart of a method of setting an operating
parameter of a radio receiver performed by the communi-
cation system of FIG. 1 1n accordance with some embodi-
ments.

FIG. 5 1s a flowchart of a method of predicting a radio
signal environment of a radio receiver performed as part of
the method of FIG. 4 1n accordance with some embodi-
ments.

FIG. 6 1s a flowchart of a method of setting an operating,
parameter of a radio receiver performed as part of the
method of FIG. 4 1n accordance with some embodiments.

Skilled artisans will appreciate that elements 1n the figures
are 1llustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of
some of the elements 1n the figures may be exaggerated
relative to other elements to help to improve understanding,
of embodiments of the present invention.

The apparatus and method components have been repre-
sented where appropriate by conventional symbols in the
drawings, showing only those specific details that are per-
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tinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

One embodiment provides a method of setting an oper-
ating parameter of a radio receiver included 1n a radio. The
method 1ncludes determiming an operating location of the
radio. The method also includes determining a transmission
characteristic of at least one base station. The method further

includes predicting, with an electronic processor, a radio

signal environment of the radio receiver based on the
transmission characteristic of the at least one base station
and the operating location of the radio. The method also
includes setting the operating parameter of the radio receiver
based on the radio signal environment.

Another embodiment provides a communication system
including a radio and a host device. The radio includes a
radio receiver. The host device includes an electronic pro-
cessor. The electronic processor 1s configured to determine
an operating location of the radio. The electronic processor
1s also configured to determine a transmission characteristic
of at least one base station. The electronic processor 1s
further configured to predict a radio signal environment of
the radio receiver based on the transmission characteristic of
the at least one base station and the operating location of the
radio. The electronic processor 1s also configured to set an
operating parameter of the radio recerver based on the radio
signal environment.

Another embodiment provides a radio including a radio
receiver and an electronic processor. The electronic proces-
sor 1s configured to determine an operating location of the
radio. The electronic processor 1s also configured to deter-
mine a transmission characteristic of at least one base
station. The electronic processor 1s further configured to
predict a radio signal environment of the radio receiver
based on the transmission characteristic of the at least one
base station and the operating location of the radio. The
clectronic processor 1s also configured to set an operating
parameter of the radio receiver based on the radio signal
environment.

FIG. 1 1s a block diagram of a communication system 100
according to one embodiment. The communication system
100 includes a radio 105, a host device 110, a first base
station 115, a second base station 120, and a third base
station 122. It should be understood that the communication
system 100 1llustrated in FIG. 1 15 provided as one example
of such a system and that the methods described herein may
be used with communication systems with fewer, additional,
or different components in different configurations than the
communication system 100 illustrated m FIG. 1. For
example, 1n some embodiments, the communication system
100 includes fewer or additional base stations and may
include fewer or additional radios.

Also, as described below, the host device 110 may per-
form one or more database functions that include a radio
signal environment prediction function (hereinafter referred
to as the “prediction function™) and a recerver adaptation or
setting function (hereinafter referred to as the “setting func-
tion”). As one example, the methods described herein are
described 1n terms of the host device 110 performing these
database functions. However, 1t should be understood that
the database functions may be performed, in whole or in
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part, by another device or a combination of devices (for
example, the radio 103, the first base station 115, and the
like).

The radio 105 and the first base station 115 communicate
over a first commumnication network 125. In some embodi-
ments, the first communication network 125 operates
according to the Project 25 (P25) specification. In alternate
embodiments, the first communication network 125 operates
using any other communication protocol including, but not

limited to, Terrestrial Trunked Radio (TETRA), Digital
Mobile Radio (DMR), and Public Safety Long Term Evo-
lution (LTE). In addition, the radio 105 may be capable of
operating 1n multiple modes (for example, Project 25 and
Long Term Evolution simultaneously). In some embodi-
ments, base stations may be part of a vehicular mounted
platform. In general, base stations may be fixed, nomadic or
mobile, or an access point or client radio.

As 1llustrated 1n FIG. 1, the radio 105 may be a handheld
device, such as a mobile telephone, a mobile radio, a smart
watch or other smart wearable, or another portable device
configured to communicate over the first communication
network 125. For example, in some embodiments, the radio
105 may be a handheld cellular telephone carried by public
safety personnel, such as a police officer. Alternatively, radio
105 may be a vehicular mounted mobile radio. Accordingly,
it should be understood that the radio 105 may be any type
of radio capable of communicating over the first communi-
cation network 125.

The host device 110 may be a server that 1s accessible
either directly or indirectly by the radio 105 and, as noted
above, performs one or more database functions. For
example, the database functions may reside 1 a server
connected to the Internet or in another dedicated private
server (for example, as part of a public safety system). In
alternative embodiments, the host device 110 may be at least
partially implemented 1n a radio, such as a mobile telephone,
a mobile radio, and the like. The host device 110 and the first
base station 115 may communicate over a second commu-
nication network 130. The second communication network
130 may be a wired or a wireless communication network,
such as a cellular network, the Internet, a land mobile radio
(LMR) network (for example Project 25, Terrestrial Trunked
Radio, and Digital Mobile Radio), a Bluetooth™ network, a
WiF1 network, a wireless accessory Personal Area Networks
(PAN), a Machine-to-machine (M2M) autonomous network,
a public switched telephone network, a future developed
network, or any combination or derivative thereof. It should
be understood that 1n some embodiments, the first commu-
nication network 1235 and the second communication net-
work 130 are the same network or operate using the same
communication protocol.

In the embodiment illustrated in FIG. 1, the radio 105
communicates with the host device 110 via the first base
station 115. In alternate embodiments, the radio 105 com-
municates directly with the host device 110. For example, in
one embodiment, the radio 105 communicates with the host
device 110 via a network according to the Project 25
specification. In an alternate embodiment, the radio 105
communicates with the host device 110 using short-range
radio signals, such as Bluetooth™ or Wik1 signals.

The first base station 115, the second base station 120, and
the third base station 122 each include a wireless receiver
and a wireless transmitter and each serve as a central device
(for example, a hub) that facilitates communication between
multiple radios (and other communication devices) in a
communication network. For example, the first base station
115 serves as a hub for the first communication network 125.
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In the example 1illustrated in FIG. 1, the radio 105 commu-
nicates with the first base station 115 over the first commu-
nication network 125 but may or may not communicate with
the second base station 120 or the third base station 122. For
example, the second base station 120 may serve as a hub for
a communication network that 1s different than the first
communication network 125. However, as described 1n
more detail below, signals transmitted by the second base
station 120, the third base station 122, or both may interfere
with signals received by the radio 105 over the first com-
munication network 125. As an example, the first commu-
nication network 125 of the first base station 115 may be a
Band-14 Public Safety Long Term Evolution network and
the communication network of the second base station 120
(and the third base station 122) may be a Band-13 Com-
mercial Long Term Evolution network. The radio 105 may
communicate with both of these networks; however, signals
of the Band-13 Commercial Long Term Evolution network
may interfere with ability of the radio 105 to receive signals
of the Band-14 Public Safety Long Term Evolution network.
A similar interference situation may occur within single
frequency networks.

Although FIG. 1 only 1llustrates the second base station
120 and the third base station 122 as potential sources of
interference for the radio 105, 1n some embodiments, there
may be additional potential sources of intertference for the
radio 105. For example, additional base stations, other
radios, or other local sources of interference may generate
local radio signals that interfere with desired signals
received by the radio 105.

FIG. 2 1s a block diagram of the radio 105 according to
one embodiment. As 1llustrated 1n FIG. 2, the radio 105 may
include a radio electronic processor 2035, a radio memory
210, a microphone 215, a speaker 220, a display 225, a
positioning system 230, a radio transmitter 235, and a radio
receiver 240. The radio electronic processor 203, the radio
memory 210, the microphone 2135, the speaker 220, the
display 225, the positioning system 230, the radio transmiut-
ter 235, and the radio recerver 240 communicate through one
or more communication lines 245. It should be understood
that, in other embodiments, the radio 105 may include fewer
or additional components in configurations different from
that illustrated 1n FIG. 2.

The radio memory 210 (for example, read-only memory
(ROM), random-access memory (RAM), flash memory, or
combinations thereotf) stores mstructions and data. The radio
clectronic processor 203 retrieves mnstructions from the radio
memory 210 and executes the instructions to perform a set
of functions including, for example, at least some of the
methods described herein.

The microphone 215 detects acoustic signals and outputs
audio signals to the radio electronic processor 205. The
speaker 220 recerves audio signals from the radio electronic
processor 205 and outputs acoustic signals. The display 225
provides a visual output (for example, graphical indicators,
lights, colors, text, images, combinations of the foregoing,
and the like) regarding a status of the radio 105. The display
225 1ncludes a suitable display mechanism for displaying the
visual output (for example, a light-emitting diode (LED)
screen, a liquid crystal display (LLCD) screen, or an organic
light-emitting diode (OLED) screen).

The positioning system 230 may receive radio-frequency
signals from orbiting satellites using one or more antennas
and recervers (not shown). The positioning system 230, such
as an electronic processor included 1n the positioning system
230, determines geo-spatial positioning (for example, lati-
tude, longitude, altitude, speed, and the like) for the radio
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105 based on the received radio-frequency signals. The
positioning system 230 communicates this positioning infor-
mation to the radio electronic processor 205. In some
embodiments, the positioning system 230 may include a
Global Positioming System (GPS). As described 1mn more
detail below, as an alternative or 1n addition to determining
geo-spatial positioning for the radio 1035, the positioning
system 230 or another component included 1n the radio 105
or external to the radio 105 may use other ways of deter-
mimng the operating location of the radio 105 such as time
difference of arrival (TDOA), network-assisted, or inertial
mechanisms.

The radio transmitter 235 transmits signals to the first
communication network 125, and the radio receiver 240
receives signals from the first communication network 125.
Signals may include, for example, audio data, location data,
and data packets. In some embodiments, the radio transmiut-
ter 235 and the radio recerver 240 are contained within a
single radio transceiver. In other embodiments, the radio 105
may not mclude the radio transmitter 2335 (for example, 1n a
receive-only system, such as a weather radio or satellite
receiver). In some embodiments, the radio 105 may perform
the database functions described herein.

FI1G. 3 1s a block diagram of the host device 110 according,
to one embodiment. As illustrated 1n FIG. 3, the host device
110 may include a host electronic processor 305, a host
memory 310, and a host transceiver 315. The host electronic
processor 3035, the host memory 310, and the host trans-
ceiver 315 communicate through one or more communica-
tion lines 320. It should be understood that, 1n other embodi-
ments, the host device 110 may include fewer or additional
components in configurations different from that 1llustrated
in FIG. 3. Also, in some embodiments, the host transceiver
315 may be a separate device from the host device 110
(separate from the host electronic processor 305 and host
memory 310). Similarly, in some embodiments, the host
clectronic processor 305 may be included 1n a separate
device from the host memory 310, the host transceiver 315,
or both. The host memory 310 may also reside in multiple
locations, devices, or processors. For example, it may reside
in a server and be accessible on the internet or a private
network. In general, the location of the host electronic
processor 3035, the host memory 310, and the host trans-
ceiver 315 1s arbitrary, and those skilled in the art will
recognize that these components may be implemented 1n a
wide variety of locations and on a wide variety of platforms
or devices without any loss of generality.

The host memory 310 (for example, read-only memory
(ROM), random-access memory (RAM), flash memory, or
combinations thereol) stores instructions and data. The host
clectronic processor 305 retrieves instructions from the host
memory 310 and executes the instructions to perform a set
of functions including the methods described heremn. The
host transceiver 315 transmits signals to and receives signals
from the radio 105, such as through the second communi-
cation network 130 and the first base station 115, or directly.
Signals may include, for example, audio data, location data,
and data packets.

The host memory 310 may store instructions executable
by the host electronic processor 305 for implementing the
one or more database functions referenced above and
described 1n more detail below. In the embodiment 1llus-
trated 1n FIG. 3, the host memory 310 also stores base station
data 3235, geographic data 330, and radio performance data
335. As described 1n more detail below, the host device 110
(for example, the host electronic processor 303) uses the
data stored 1n host memory 310 to predict a radio signal
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environment of the radio receiver 240. It should be under-
stood that, 1n some embodiments, the host memory 310
includes additional data than the data i1llustrated in FIG. 3.
Furthermore, 1n some embodiments, the base station data
325, the geographic data 330, the radio performance data
335, or combinations or portions thereof may be stored 1n

separate memories included 1n the host device 110 or in one
or more memories external to the host device 110. Accord-
ingly, 1n some embodiments, the host device 110 accesses
the base station data 325, the geographic data 330, the radio
performance data 335, or combinations or portions thereof
from an external device (for example, over a wired or
wireless connection). For example, 1n some embodiments, a
portion of the radio performance data 335 may be stored in
the radio memory 210. In some embodiments, other data (for
example, the base station data 325 and the geographic data
330) may also be stored in the radio memory 210.

The base station data 325 includes a transmission char-

acteristic for each of a plurality of base stations (including
the first base station 115, the second base station 120, and the
third base station 122). The transmission characteristic for a
base station includes one or more transmission parameters
related to that base station. The transmission parameters for
a base station may include one or more of a location of the
base station, a transmitter frequency of the base station, a
transmitter output power level (for example, an effective
1sotropic radiated power (EIRP) or transmitter power output
(TPO) level) of the base station, an antenna height of an
antenna of the base station, an antenna polarization of the
antenna of the base station, and an antenna pattern of the
antenna of the base station. The antenna pattern may include
directional gain information of the antenna for azimuth
patterns, elevation patterns, or both. Additional transmission
parameters for a base station may include a transmitter
system loading level (for example, how many or which
communications resources are currently being used in a
communications system), a transmission timing reference
(for example, a transmission duty cycle or time division
duplex reference timing), or a transmitter out-of-band emis-
sions (OOBE) level (for example, mto adjacent or alternate
channels). An example of communications resources cur-
rently being used 1n a communications system may include
a list of sub-carriers that are active 1 an orthogonal fre-
quency division multiple access (OFDMA) system, and,
optionally, the transmission power level of each active
sub-carrier versus time.

In some embodiments, the host device 110 obtains the
base station data 325 or a portion thereof from the first base
station 115, the second base station 120, the third base
station 122, or a combination thereof. Alternatively, or in
addition, the base station transmission parameters may be
gathered 1n other ways (for example, via site surveys,
regulatory filings, or through querving regulatory data-
bases). For example, 1n some embodiments, the host device
110 may query a base station or a regulatory database (upon
configuration of the host device 110 or periodically) for one
or more transmission parameters. Private databases of base
station data (or transmission parameters) may be also be
maintained. Alternatively or 1n addition, a base station may
be configured to automatically transmit one or more trans-
mission parameters to the host device 110 (upon configu-
ration of the base station or periodically). As noted above,
the host device 110 may use the base station data 325 to
identily potential interference sources for the radio 105 that
may be used to predict a radio signal environment of the
radio receiver 240 as described below.
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The geographic data 330 includes information (for
example, digital models and three dimensional (3D) repre-
sentations ) about the terrain (for example, hills, valleys, etc.)
and structures (for example, buildings and houses) within an
area ol the Farth’s surface. The geographic data 330 may
include digital elevation models, digital terrain models, and
digital surface models. In some embodiments, the geo-
graphic data 330 may include information about different
types ol foliage or other types of obstructions that are
present. Similar to the base station data 3235, the host device
110 may use the geographic data 330 to identily potential
path loss sources for the radio receiver 240, such as tall
buildings or mountain ranges, which may be used to predict
a radio signal environment of the radio receiver 240. In this
manner, shadowed signal paths may be 1dentified, and the
overall radio signal environment may be further predicted
(for example, as high mterference environments or multi-
path environments, as described below). In general, any one
of a variety of signal propagation models may be employed
(for example, Longley-Rice or Hata) to predict desired and
non-desired (interfering) signal strengths. Also, in some
embodiments, the radio signal environment may be pre-
computed and stored for a plurality of potential receiver
operating locations. This information may be compressed
and stored in the radio 105 or on a server accessible via a
wired or wireless connection (for example, the host device
110).

The radio performance data 335 may include a perior-
mance specification for each of a plurality of radio receivers,
including the radio receiver 240. A performance specifica-
tion may specily, for a particular radio recerver, an operating
frequency range, a frequency stability, an analog sensitivity
level, a digital sensitivity level, a frequency selectivity (for
example, receiver adjacent channel rejection (ACR) and
alternate channel rejection levels, or a complete receiver
frequency response), an nter-modulation specification (for
example, an mter-modulation rejection (IMR) level), a spu-
rious response rejection (SRR) level, a tolerable blocker
level (which may be dependent on blocker frequency and
blocker signal type), available signal filtering, delay spread
tolerance, or a combination thereof. The above quantities
may vary (and be stored) for different operating modes of the
radio receiver 240 (for example, inter-modulation rejection
(IMR) performance may be improved 1n a high linearity
operating mode, multipath or delay spread tolerance may be
improved in extended equalization or diversity modes). The
above quantities may also vary depending on absolute signal
levels (for example, of desired signal strength). In some
embodiments, a radio performance specification 1s associ-
ated with one or more specific model numbers of the radio
receiver 240. As described in more detail below, the host
device 110 may use the radio performance data 335 to
identily types of signals or signal environments that may
cause interference for the radio receiver 240 given the
performance specification of the radio receiver 240. Alter-
natively or 1n addition, the host device 110 may use the radio
performance data 335 to identity how to set one or more
operating parameters ol the radio receiver 240 given the
predicted radio signal environment.

As noted above, the radio receiver 240 may experience
interference from other transmitting devices. Measuring
interference locally (for example, in the radio 105) may
require additional hardware, expend additional processing,
resources, and may not be accurate in some cases (for
example, for out-oi-band signals, or in cases of strong signal
interference). Further, the radio receiver 240 may experience
varying amounts ol interference as the radio 105 changes
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location. Accordingly, as described below, the database
functions predict a radio signal environment of the radio
receiver 240 and use the prediction to set one or more
operating parameters of the radio receiver 240. The radio
105 uses these functions to anticipate the radio signal
environment before the radio 105 actually enters it and
experiences degraded service (for example, from sub-opti-
mal receiver parameter settings).

As noted above, in some embodiments, the host device
110 performs the database functions including the prediction
function and the setting function. For example, 1n some
embodiments, the host device 110, or more particularly, the
host electronic processor 305 executing instructions, may
perform the method 400 illustrated 1n FIG. 4 to set one or
more operating parameters of the radio receiver 240. How-
ever, as noted above, 1n other embodiments, the method 400
or portions therecol may be performed by other devices,
including, for example, the radio 105, the first base station
115, another server, another radio, or a combination thereof.
For example, 1n some embodiments, the radio 105 may both
perform the prediction function and the setting function
performed as part of the method 400. In other embodiments,
the host device 110 may perform the prediction function (for
example, 1n a server remote from the radio 1035) and the
radio 105 may perform the setting function. The method 400
1s also described 1n terms of the communication system 100
illustrated 1n FIG. 1 to provide one example. However, i1t
should be understood that the method 400 may be applied to
other communication systems and 1s not limited to the
communication system 100 illustrated in FIG. 1.

As 1llustrated 1n FIG. 4, the method 400 1includes the host
device 110 determining an operating location of the radio
105 (at block 403). In some embodiments, the host device
110 determines the operating location of the radio 105 based
on data received from the radio 105. For example, the
positioning system 230 of the radio 105 may determine the
operating location of the radio 105 (for example, using a
Global Positioning System), and the radio transmitter 235
may transmit the operating location to the host device 110,
such as via the first base station 115. Alternatively or in
addition, the host device 110 may determine the operating
location of the radio 105 based on data received from the
first base station 115 or another device separate from the
radio 105. For example, 1n some embodiments, the first base
station 115 may store data i1dentifying a current operating
location of the radio 105 and other radios communicating
over the first communication network 125. Therefore, 1n
these embodiments, the host device 110 may transmit an
identifier of the radio 105 to the first base station 115 as a
request for the operating location of the radio 105. The host
device 110 may receive the 1dentifier of the radio 1035 from
the radio 105 or the identifier may be preprogrammed 1n the
host memory 310.

Alternatively or in addition, the host device 110 may
approximate the operating location of the radio 105. For
example, the radio 105 may transmit (for example, via the
radio transmitter 233 or a separate transmitter) a signal that
has a predetermined range, and the host device 110 may
receive the signal (for example, via the host transcerver 3135
or a separate transceiver). In response to receiving such a
signal from the radio 105, the host device 110 may deter-
mine that the radio 105 1s within a predetermined distance
(within the predetermined range associated with the signal),
which the host device 110 may use to approximate the
operating location of the radio 103. In particular, the host
device 110 may approximate the operating location of the
radio 105 to be the location of the host device 110, the
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location of the host device 110 plus the range of the signal
or a portion thereof, and the like. The host device 110 may
approximate the operating location of the radio 105 1n
embodiments where the radio 105 and the host device 110
communicate with each other using short range communi-
cations (for example, Bluetooth™ or WikF1). As an example,
the host device 110 may reside 1 a vehicle (for example,
with global positioning system capability) and the radio 105
may be operating within a building (for example, with no or
limited global positioning system coverage). The host
device 110 may use alternative ways of determining the
operating location of the radio 105 such as time diflerence
of arrival (TDOA), network-assisted, or inertial mecha-
nisms. The positioning or short range communications
mechanisms may also be utilized to help determine when the
radio 105 may be operated indoors, and at what elevation the
radio 1035 1s being operated. This information may 1n turn be
fed back to the host device 110 to adjust the prediction
function.

Returming to FIG. 4, after determining the operating
location of the radio 105, the host device 110 determines a
transmission characteristic of at least one base station (at
block 410). In some embodiments, the host device 110
determines a transmission characteristic for a base station by
accessing the base station data 325 stored in the host
memory 310. Alternatively or in addition, the host device
110 may determine a transmission characteristic for a base
station by communicating with the base station or a separate
device. For example, using the example communication
system 100 illustrated 1n FIG. 1, the host device 110 may
transmit a request, via the second communication network
130, to the first base station 115 for a transmission charac-
teristic. The first base station 1135 transmits the requested
transmission characteristic to the host device 110 via the
second communication network 130. The first base station
115 may store the transmission characteristic locally, access
the transmission characteristic from an external device,
calculate the transmission characteristic dynamically, or a
combination thereof. As the transmission characteristics of
fixed base stations do not change very often, they may be
stored 1n the base station data 325 accessible by the host
device 110. Alternatively, the transmission characteristics of
a mobile transmitter may change more frequently (such as
the transmuitter location parameter), requiring more frequent
updates of the base station data 325.

After determining the transmission characteristics, the
host device 110 performs the prediction function to predict
a radio signal environment of the radio receiver 240 based
on the determined transmaission characteristics and the oper-
ating location of the radio 105 (at block 415). The predicted
radio signal environment represents an estimate of the
desired signal and/or interference that the radio receiver 240
may experience when the radio 105 1s positioned at the
operating location. The prediction function may apply one or
more functions (for example, radio signal propagation mod-
els) or look-up tables to predict the radio signal environment
of the radio receiver 240. As an example, a look-up table
may i1nclude a contour map of power levels generated by
measurement data fed back by the devices. In some embodi-
ments, the prediction function may determine at least one
value that represents the predicted radio signal environment,
where a higher value represents greater (or stronger) signal
or interference than a lower value or vice versa. The pre-
diction function may determine the at least one value based
on one or more base stations 1dentified as potential interfer-
ence sources, the locations of the base stations, the trans-
mitter output power levels of the base stations, other trans-
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mission parameters of the base stations, and the like. Also,
in some embodiments, the prediction function may exclude
base stations initially identified as potential interference
sources when the prediction function identifies that the base
station does not cause interference or does not cause inter-
ference above a predetermined threshold.

In some embodiments, the determined values representing,
the predicted radio signal environment may represent the
predicted radio signal environment. In other embodiments,
the prediction function may compare the determined values
to one or more thresholds to classily the predicted radio
signal environment into one of a plurality of cases. As
described below, the case may specily how or which oper-
ating parameter of the radio receiver 240 1s set. Additional
details and examples of the prediction function are provided
below (see FIG. §).

After performing the prediction function, the host device
110 may perform the setting function that sets an operating
parameter of the radio receiver 240 based on the predicted
radio signal environment (at block 420). The setting function
may set the operating parameter of the radio recerver 240 by
transmitting a signal to the radio 105 that includes data on
setting the operating parameter. Alternatively or 1n addition,
the setting function may set the operating parameter of the
radio receiver 240 by transmitting a signal to the first base
station 115, which the first base station 115 may forward to
the radio 105 with or without further processing. In other
embodiments, the setting function may be performed by the
radio receiver 240, and the prediction results may be acces-
sible to the radio 105 through wired or wireless connections.

In some embodiments, the setting function sets an oper-
ating parameter of the radio receiver 240 by changing a
filtering mode of the radio receiver 240, changing a linearity
mode of the radio receiver 240 (for example, low noise
amplifier linearity or mixer linearity), changing an attenua-
tion setting of the radio receiver 240 (for example, front-end
attenuation), changing a gain setting of the radio receiver
240 (for example, front-end gain, low noise amplifier (LINA)
gain, intermediate frequency (IF) gain, and the like), chang-
ing a local oscillator of the radio receiver 240 (for example,
from a low power, low performance integrated voltage
controlled oscillator to a ligh power, high performance
external voltage controlled oscillator, or changing to a
different channel frequency), adjusting an offset frequency
of the radio receiver 240 (for example, to compensate for a
predicted Doppler shiit or other frequency offset), changing
a diversity reception configuration of the radio receiver 240,
changing an equalizer setting of the radio receiver 240, or a
combination thereof. Alternatively or in addition, 1n some
embodiments, the setting function sets an operating param-
cter of the radio receiver 240 by disabling functionality of
the radio receiver 240, such as altering or turning on or off
signal filtering, signal processing (for example, equaliza-
tion), or disabling a diversity receiver. For example, radio-
frequency or baseband processing parameters within the
radio receiver 240, such as an oversampling ratio or edge
rate of an N-path radio-frequency filter or the bias current or
polynomial order of a baseband filter, or an equalization or
filtering parameter may be altered or disabled when the
prediction function predicts that the radio signal environ-
ment will not include a high amount of interference or
multipath distortion. In other embodiments, digital filtering
could be modified 1 the radio receiver 240, including
reducing analog/digital converter (ADC) resolution, digital
down-converter filtering order, and digital filtering complex-
ity (for example, a number of gates, a number of digital
signal processing instructions, digital word size for data and
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filter coeflicients, and the like). A diversity receiver branch,
included in some embodiments of the radio receiver 240,
may be disabled when the prediction function predicts a
benign (for example, strong desired signal) radio signal
environment. All of these approaches may result in power
savings and longer battery life 1n portable radio equipment.
Additional details and examples regarding the setting func-
tion are provided below (see FIG. 6).

Also, 1n some embodiments, the setting function adjusts
the operating parameter of the radio receiver 240 based on
the radio performance data 335. For example, the setting
function may determine a performance specification asso-
ciated with the model of the radio recerver 240 included 1n
the radio performance data 335 and use the performance
specification to determine which operating parameters may
be set for the radio receiver 240 and how the operating
parameters may be set. In particular, when the predicted
radio signal environment calls for a particular type of signal
processing, the setting function may use the performance
specification associated with the radio recerver 240 to deter-
mine whether the radio receiver 240 (or the radio 105) has
the hardware or software needed to perform the signal
processing. Similarly, in some embodiments, the setting
function may consider a current operating status of the radio
105, such as a battery status of the radio 1035 or current
processing constraints, when determining which operating
parameter of the radio receiver 240 to set or how to set the
operating parameter. As an example, certain additional sig-
nal processing (for example, additional digital filtering,
diversity reception, and the like) may be disabled to improve
overall radio battery life when the prediction function pre-
dicts certain radio signal environments (especially when the
battery level 1s low). In other cases, additional signal pro-
cessing may be enabled 1n harsh radio signal environments.

As 1llustrated 1n FIG. 4, the method 400 may repeat to
predict an updated radio signal environment of the radio
receiver 240 as the radio 105 changes location or as the
environment around the radio 105 changes, such as a chang-
ing number or location of base stations, other radios, and
other local interference sources. For example, in some
embodiments, the prediction function may predict an
updated radio signal when the operating location of the radio
105 changes by more than a predetermined amount. The
predetermined amount may be, for example, approximately
S (five) to 15 (fifteen) meters. However, 1t should be
understood that other amounts either greater or less than this
range may be used. For example, 1n some embodiments, the
predetermined amount may be dynamically determined
based on the operating location of the radio 105, the previ-
ously predicted radio signal environment, or a combination
thereol. In particular, when the radio 105 1s located 1n an
area with dense clutter, the predetermined amount may be
set to a smaller value as compared to when the radio 105 1s
located 1n an area with less clutter (for example, 1n rural
areas).

Also, 1n some embodiments, the prediction function may
predict the radio signal environment of the radio receiver
240 along a route, such as a preplanned route or a regular
patrol route for the radio 105. In some embodiments, the
prediction function may predict a single radio signal envi-
ronment for the planned route. Alternatively, the prediction
function may predict a radio signal environment for multiple
locations along the route. Accordingly, the setting function
may set the operating parameter of the radio receiver 240
based on the predicted radio signal environment for the
entire route or may set an operating parameter of the radio
receiver 240 as the radio 105 travels along the route based
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on the position of the radio 105 along the route. When the
radio 105 deviates from the route by more than a predeter-
mined amount, the prediction function may predict an
updated radio signal environment of the radio receiver 240
and continue doing so with the aforementioned update
triggers until or unless the radio 105 returns to the original
preplanned route.

As noted above, the prediction function may predict the
radio signal environment in different ways. For example, in
some embodiments, the prediction function predicts the
radio signal environment of the radio receiver 240 based at
least 1n part on a frequency of one or more signals at the
operating location of the radio 105. In particular, the pre-
diction function may estimate the frequency of at least one
undesired signal at the operating location of the radio 105.
Undesired signals are signals the radio receiver 240 1s not
intended to receive, such as signals transmitted by a base
station that the radio 105 1s not communicating with (for
example, the second base station 120). In contrast, a desired
signal 1s a signal the radio receiver 240 1s intended to
receive, such as a signal transmitted by a base station that the
radio 103 1s communicating with (for example, the first base
station 115). The prediction function may estimate the

frequency (or frequencies) of desired or undesired signals
based on the transmission characteristic of at least one base
station. The prediction function may then compare the
determined frequency and predicted signal levels or
strengths to one or more thresholds to determine a value or
classification for the predicted radio signal environment.
Alternatively or in addition, the prediction function may
determine the value or classification for the predicted radio
signal environment based on the ratio of desired to undesired
signals.

Signals transmitted by base stations located close to the
radio 105 may cause greater interference than signals trans-
mitted by base stations located further away from the radio
105. The transmitted signals that may cause interference
may either be on-channel or off-channel (for example, due to
on-channel transmitted signal power or transmitter out-oi-
band emissions (OOBE)). In some embodiments, the pre-
diction function may determine all or some on-channel and
ofl-channel signal power contributions (for example, both
on-channel interterence power due to out-of-band emissions
(OOBE) from an adjacent channel transmuitter that falls into
the desired channel (N), and the off-channel signal power
that 1s present on the adjacent channel (N+/-1) from adja-
cent channel transmitters). Alternate channel transmissions
(for example, channel N+/-2) may also be considered in the
prediction function. The prediction function may consider
on-channel power contributions from a desired base station
as a desired signal level and both on-channel and off-channel
contributions from other transmitters (for example, other
base stations) as interference. In this manner, the prediction
function may predict a complete radio signal environment
(for example, signal power versus frequency) using the
operating location of the radio 105. Also, in this manner,
quantities such as a co-channel, adjacent channel, and alter-
nate channel interference ratio may be determined for the
radio receiver 240, based on the current operating location
of the radio 105 and the corresponding signal levels. In
addition, strong blocking signals (relative to the desired
signal level) that are either in-band or out-of-band may also
be 1dentified. These quantities may be compared to the radio
performance data 333 (for example, adjacent channel rejec-
tion (ACR), spurious response rejection (SRR), and inter-
modulation rejection (IMR)) to determine harsh interference
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environments and the appropriate set of operating param-
cters of the radio receiver 240 for the radio signal environ-
ment.

Alternatively or 1in addition, the prediction function may
select the at least one base station from a plurality of base
stations based on the operating location of the radio 105. For
example, the prediction function may select one or more
base stations located with a predetermined distance from the
operating location of the radio 105. In some embodiments,
the predetermined distance may be within the range from 1
kilometer to 200 kilometers or more. In some embodiments,
the prediction function identifies these base stations by
comparing the operating location of the radio 105 with the
locations of base station included 1n the base station data
325. The predetermined distance may also be set based on
the transmitted power level of each of the plurality of base
stations, the antenna pattern of each of the plurality of base
stations, the terrain features (for example, buildings, hills,
and the like) located between the radio 105 and each of the
plurality of base stations, or combinations thereof. Alterna-
tively, the prediction function may use a predetermined
distance based on a maximum transmission distance, a
maximum transmission power level, or both for the plurality
of base stations included in the base station data 325.
Accordingly, the predetermined distance may be used to
filter out base stations that are unlikely to noticeably impact
the performance of the radio receiver 240. In general, the
predetermined distance 1s related to how far away the signal
in question may noticeably impact the performance of the
radio receiver 240 (based on the current operating location
of the radio 105 and on how much power 1s being transmaitter
by the base station). The predetermined distance may also
depend on how far removed the interfering signal 1s 1n
frequency from the desired signal (and the radio perfor-
mance data 335 indicating receiver frequency response).
Also, 1n general, when an interfering signal associated with
a base station 1s approximately 10 to 20 decibels (dB) below
a thermal noise floor, the impact of the interfering signal
may be 1gnored. It should be understood that the level below
the thermal noise floor may vary based on environmental
noise, strong desired signal levels, or other factors.

As mentioned, 1n some embodiments, as an alternative to
or 1 addition to considering the distance between the
operating location of the radio 105 and the location of a base
station to 1dentily potential interference sources, the predic-
tion function may consider other parameters associated with
the radio receiver 240, base stations, the geographic terrain,
or a combination thereof. For example, 1n some situations,
specific models of the radio receiver 240 may be more
susceptible to interference than other models (for example,
based on differences in hardware, software, or a combination
thereol). Therefore, for these specific models (which may be
identified based on the radio performance data 335), the
prediction function may use a different (for example, larger)
predetermined distance than for other models. Similarly,
when the radio 105 1s located 1n a geographic terrain with a
lot of potential shadowing obstructions (for example, a
mountain or tall buildings) which may be 1dentified based on
the geographic data 330, the prediction function may use a
different (for example, smaller) predetermined distance.
Similarly, the prediction function may identify a base station
as a potential interference source for the radio receiver 240
even when the base station 1s not located within the prede-
termined distance depending on the transmission character-
istic of the base station. For example, when a base station
has a high radiated output power level (for example, a high
ellective 1sotropic radiated power level or a high antenna
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height), the prediction function may identify the base station
as a potential interference source for the radio receiver 240
even when base station 1s not located within the predeter-
mined distance from the operating locating of the radio 105.

Alternatively or 1n addition, the prediction function may
predict the radio signal environment of the radio receiver
240 based at least 1n part on a Doppler frequency of a signal
received at the operating location of the radio 105. For
example, the prediction function may estimate the Doppler
frequency based on the transmission characteristics of the
one or more base stations. In particular, in some embodi-
ments, the prediction function estimates the Doppler fre-
quency based on the locations of the one or more base
stations and the relative velocity of the radio 105, which may
be determined by the positioning system 230. Accordingly,
in some embodiments, the setting function may set one or
more operating parameters of the radio receiver 240 to adapt
to the predicted radio signal environment based on the
Doppler frequency. As an example, the setting function may
adjust a frequency of an analog or digital oscillator based on
the Doppler frequency to adapt the radio receiver 240 to the
predicted radio signal environment. The oscillator, included
in some embodiments of the radio recerver 240, may be
utilized 1 a received signal down-conversion or baseband
frequency compensation function. Setting operating param-
eters of the radio receiver 240 based 1n part on the Doppler
frequency may allow the radio receiver 240 to adapt to a
larger overall range of frequency oflsets and improve recep-
tion when the radio 105 1s positioned within a high speed
train, aircraft, or other vehicle.

Alternatively or 1n addition, the prediction function may
predict the radio signal environment of the radio receiver
240 based on other data in addition to the transmission
characteristics of the one or more base stations. For
example, the prediction function may predict the radio
signal environment based on the transmission characteristics
and the geographic data 330. For example, the prediction
function may use the geographic data 330 to account for the
cellect of any objects located i1n the transmission path
between a base station and the radio receiver 240, such as
buildings, structures, foliage, and terrain when predicting a
radio signal environment. The prediction function may also
use the geographic data 330 to predict indirect signal path
(for example, multipath).

Alternatively or 1n addition, the prediction function may
predict the radio signal environment based on the transmis-
s1on characteristics and the radio performance data 3335. For
example, the performance specifications included in the
radio performance data 335 may 1dentily specific types of
radio signal environments that may be more challenging for
particular models of the radio receiver 240. Accordingly, the
prediction function may classity these specific radio signal
environments differently for different models of the radio
receiver 240 based on the performance specifications asso-
ciated with the radio receiver 240. In some embodiments,
the radio 105 may directly or indirectly transmit identifica-
tion information of the radio receiver 240, the radio 105 or
both, such as by transmitting a model number of the radio
receiver 240, or other 1dentifying information. The predic-
tion function uses the received 1dentification information to
determine a performance specification associated with the
radio receiver 240 included 1n the radio performance data
335 stored 1n the host memory 310.

Alternatively or 1n addition, the prediction function may
predict the radio signal environment based on a measure-
ment of a local radio signal. As noted above, the radio
receiver 240 may experience mterference from one or more
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local interference sources, such as unintentional emitters and
interferers not otherwise captured in the base station data
325. Accordingly, the prediction function may determine a
measurement of a local radio signal based on the number,
location, frequency, and signal strength of these local inter-
terence sources. This data may be stored 1n the host memory
310, such as with the geographic data 330. For example, 1n
some embodiments, a location or geographic region may be
associated with a statistic representing a measurement of the
local radio signal, which may be stored locally by the host
device 110, such as within the host memory 310, or accessed
by the host device 110 from an external source. In some
embodiments, the statistic may represent an average, mini-
mum, or maximum measurement of the local radio signal
over a period of time.

Alternatively or 1n addition, as also noted above, the
prediction function may predict the radio signal environment
by classilying the radio signal environment into one of a
plurality of potential cases or categories. The classification
of the radio signal environment may be based on how many
base stations were identified as potential interference
sources for the radio recerver 240, how close one of or more
of the i1dentified bases stations are to the radio 105, the
transmitter output power level of one or more i1dentified
bases stations, and the like. Also, 1n some embodiments, the
prediction function may predict the radio signal environment
of the radio receiver 240 by determining the difference
between the signal strength of a desired signal of the radio
receiver 240 and the signal strength of an undesired signal
of the radio receiver 240. For example, FIG. 5 1llustrates a
method 500 of predicting the radio signal environment of the
radio recerver 240, which may be performed as part of the
prediction function described above (see block 415 of

method 400).

As 1llustrated in FIG. 5, the method 500 includes esti-
mating a first signal strength of a desired signal at the
operating location of the radio 105 (at block 505). In
particular, the prediction function may use one or more
transmission parameters of the transmission characteristic of
a base station, which the radio 105 1s communicating with,
to estimate the first signal strength of a desired signal. For
example, 1n some embodiments, the prediction function may
estimate the first signal strength of a desired signal based at
least in part on the transmission characteristic of the first
base station 115. In alternative embodiments, the prediction
function may estimate the first signal strength of the desired
signal based at least in part on the transmission characteristic
ol the first base station 115 and feedback of measured first
signal strengths from the radio receiver 240.

As 1llustrated 1 FIG. 5, the prediction function also
estimates a second signal strength of one or more undesired
signals at the operating location of the radio 105 (at block
510). In particular, the prediction function may use one or
more transmission parameters of the transmissions charac-
teristics of one or more base stations, which were 1dentified
as potential interference sources for the radio receiver 240,
to estimate the second signal strength of one or more
undesired signals. For example, the prediction function may
estimate a second signal strength of an undesired signal
based at least 1n part on the transmission characteristic of the
second base station 120. These predictions may vary
depending on the operating location of the radio 105 and the
geographic data 330.

It should be understood that, in some embodiments, the
prediction function estimates the second signal strength
based on the same transmission parameter (for example,
transmitter output power level) or the same set of transmis-
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sion parameters that the prediction function uses to estimate
the first signal strength. However, 1n other embodiments, the
prediction function estimates the second signal strength
based on at least one or more transmission parameters that
are different than the one or more transmission parameters
the prediction function uses to estimate the first signal
strength.

In addition, 1n some embodiments, the prediction function
determines the first signal strength, the second signal
strength, or both based on the geographic data 330, the radio
performance data 335, or a combination thereol. For
example, the prediction function may determine a signal
strength based on terrain or objects located between the
radio 105 and a base station defined within the geographic
data 330. Further, the prediction function may use one or
more signal propagation models (for example, the 1rregular
terrain model (ITM), the Longley Rice propagation model,
or any other propagation models) 1n determining signal
strengths based on terrain. Similarly, the prediction function
may determine a harmiul interfering signal based on the
performance specification of the radio receiver 240.

After determining the first signal strength and the second
signal strength, the prediction function predicts the radio
signal environment of the radio receiver 240 based at least
in part on the first signal strength and the second signal
strength. In some embodiments, multiple intertering signals
(for example, from multiple base stations) may be predicted
in combination (including both on-channel and out-of-band
emissions). In general, the first signal strength may represent
the predicted desired signal strength, and the second signal
strength may represent an interfering signal (or combined
interfering signal) strength. In some embodiments, the pre-
diction function may predict the radio signal environment by
classitying the predicted radio signal environment as one of
a plurality of cases, wherein each case specifies a different
amount, category (or range) of interference. For example, a
first case may represent a harsh (for example, interference)
radio signal environment, a second case may represent a
weak (for example, desired) radio signal environment, and a
third case may represent a benign radio signal environment.

It should be noted that the difference 1n signal levels and
frequencies may be important in some situations. For
example, once a predicted interfering signal on an adjacent
channel exceeds the predicted desired signal by the adjacent
channel rejection ratio of the radio receiver 240 (stored 1n
the radio performance data 335), the operating parameters
should be adapted to improve performance (for example, by
turning on additional adjacent channel filtering). Similarly,
when a predicted interfering signal on a more distant fre-
quency exceeds the predicted desired signal by the blocker
specification of the radio receiver 240, the operating param-
cters may be adjusted to improve recerver performance (for
example, by switching to a higher linearity low noise
amplifier (LNA), turning on front end attenuation, and/or
altering recerver gain). It should be understood that, 1n other
embodiments, the prediction function may classily a pre-
dicted radio signal environment into fewer, additional, or
different cases. Other cases may represent other quantities,
such as high frequency oflset cases.

For example, as 1llustrated in FIG. 5, when the prediction
function determines that the first signal strength of the
desired signal 1s below a first threshold (1.e., the first signal
strength 1s low or weak, for example, below -90 decibel-
milliwatts (dBm)) and the second signal strength of the
undesired signal 1s above a second threshold (i.e., the second
signal strength 1s high or strong, for example, above —-40
decibel-milliwatts) (at block 515), the prediction function
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classifies the predicted radio signal environment as the first
case (at block 520). As explained above, the first case may
represent a harsh interference case where desired signals
received by the radio receiver 240 may experience a lot of
interference (when the first desired signal strength 1s weak or
a certain amount below the interfering signal strength). As
noted above, when the interfering signal level exceeds the
desired signal level by more than some threshold (for
example, approximately 30 decibels for an adjacent channel
and approximately 350 decibels for an alternate channel),
corrective action may need to be taken in the radio receiver
240 (by adjusting operating parameters of the radio receiver
240, as further described below). It should also be noted that
these differential thresholds or ratios (for example, adjacent
channel rejection (ACR) and inter-modulation rejection
(IMR)) may also vary in relation to the desired signal
strength. For example, the adjacent channel rejection of the
radio recerver 240 may be better (for example, higher) with
a weak desired signal than with a strong desired signal. In
some embodiments, the differential thresholds may also be
stored 1n the radio performance data 335 of the host memory
310. The prediction function may then account for more
precise radio performance data for the specific radio signal
environment.

Alternatively, when the prediction function determines
that the first signal strength of the desired signal 1s below the
first threshold and the second signal strength of the unde-
sired signal 1s below the second threshold (at block 5235), the
prediction function classifies the predicted radio signal envi-
ronment as the second case (at block 530). As explained
above, the second case may represent a weak level where
desired signals received by the radio receiver 240 may
experience little interference (for example, less interference
than the first level) but the desired signals may be weak and,
hence, more susceptible to noise. For example, susceptible
weak signals may be encountered when a desired signal
level 1s below the first threshold (for example, below —90
decibel-milliwatts), and the interfering signals are the sec-
ond threshold (for example, below —110 decibel-milliwatts).
Again, 1n this case, special corrective action may be taken in
the radio receiver 240 (for example, by adjusting operating,
parameters of the radio receiver 240 to increase receiver
front-end gain, as further described below).

In the above two cases (or 1n other cases), the setting
function may determine that the best way to adapt the radio
receiver 240 1s to change to another communication channel
or communication system (for example, 1n cases ol very
strong interference, or very weak desired signals). The other
communication channel may be a channel within the same
basic communication system (for example, switching to
another narrowband channel, or another base station within
the system), or 1t may involve changing to another commu-
nication channel 1n another system (for example, switching,
from a Band-14 Public Safety Long Term Evolution system
to a Band-13 Commercial Long Term Evolution system,
from a Band-14 broadband Public Safety LTE system to a
narrowband P25 system, or from an unlicensed Wi-Fi chan-
nel to a licensed 3G commercial cellular system). Once an
interference or weak signal condition has cleared, the setting
function may determine that the radio receiver 240 may be
switched back to the original channel or system (for
example, which may be useful 1n cases where the radio 1035
may have a higher priority or a lower cost on a public safety
system than on a commercial system). In this manner, the
operating channel of the radio recerver 240 may be adapted
based at least 1n part on the operating location of the radio

105.
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Alternatively, when the prediction function determines
that the first signal strength of the desired signal 1s above the
first threshold and the second signal strength of the unde-
sired signal 1s below the second threshold (at block 535), the
prediction function classifies the predicted radio signal envi-
ronment as the third case (at block 540). As explained above,
the third case may represent a benign level where desired
signals received by the radio receiver 240 may experience
little interference (for example, less interference or noise
than the first level, the second level, or both) and the desired
signals may be strong and, hence less susceptible to inter-
ference. For example, when the desired signal 1s signifi-
cantly above (for example, by more than 20 decibels) the
interfering signal levels at the radio receiver 240, the pre-
diction function may take other actions (for example, to
reduce current drain) by adjusting operating parameters of
the radio receiver 240, as further described below.

It should be understood, however, that different thresholds
may be used 1n diflerent applications and, in some embodi-
ments, the first threshold and the second threshold may have
different values or the same values. Also, 1n some embodi-
ments, a range may be used to distinguish a low signal
strength from a high signal strength. In addition, in some
embodiments, the prediction function may determine a
composite value, such as a ratio, based on the first signal
strength and the second signal strength (for example, the
differences between the first signal strength and the second
signal strength) and compare the composite value to one or
more thresholds or ranges to classily the predicted radio
signal environment. The above thresholds, ratios or levels
may vary based on the model of the radio receiver 240, the
utilized modulation (for example, continuous 4 level fre-
quency modulation (C4FM) vs. quadrature phase-shift key-
ing (QPSK) vs. 64-quadature amplitude modulation (64-
QAM)), and the relative signal strengths.

Also, 1t should be understood that combinations of the
first signal strength and the second signal strength not falling
into one of the three cases described above may default to
one of the cases or be assigned to a fourth, default case. For
example, when the first signal strength of the desired signal
1s above the first threshold and the second signal strength of
the undesired signal 1s above the second threshold, the
prediction function may classily the predicted radio signal
environment as a fourth case. In some embodiments, the
prediction function does not set any operating parameters of
the radio receiver 240 when the predicted radio signal
environment 1s classified as the fourth case.

By way of further example, the fourth case may alterna-
tively represent a high Doppler shiit or frequency oflset
environment (as described above), where specific adjust-
ments may be made to the operating parameters of the radio
receiver 240 to improve performance of the radio recerver
240. Additional cases (for example, a {fifth case for a
particular predicted combination of interferers, a sixth case
for a particular strong blocker signal, and a seventh case for
a particular multipath environment) may also be 1ncorpo-
rated. In this manner, there 1s no limit to the number of cases
or radio signal environment classifications that may be
performed. As mentioned above, the frequency of particular
interferers may impact how the radio receiver 240 1s adapted
to deal with particular interference cases. Some cases may
even be allowed to overlap, though a set of consistent
operating parameters ol the radio receiver 240 may be
chosen for each case under those conditions.

It should also be noted that even though a radio signal
environment may be classified into a particular case, the
amount of adjustment of the operating parameters may be
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variable within that case (and be dependent in part on the
predicted signal levels). Also, as explained above, 1n some
embodiments, the predicted signal levels determined by the
prediction function may be augmented with local measure-
ments performed by the radio recerver 240. The local
measurements may be filtered or averaged (possibly across
multiple radios), and used as a correcting function for the
predictions, by using adaptive signal processing techniques
(for example, least mean squares (LMS), recursive least
squares (RLS), or minimum mean square error (MMSE)
filtering or estimation). In this manner, the accuracy of the
predicted radio signal environment may be improved, and
more accurate adjustments of the operating parameters of
the radio recerver 240 may be obtained. These results may
in turn be incorporated into the prediction function.

After classitying the predicted radio signal environment,
the setting function may set the operating parameter of the
radio recerver 240 based on the classification. For example,
FIG. 6 illustrates an example of a method 600 of setting an
operating parameter of the radio receiver 240 based on the
predicted radio signal environment (from the prediction

function). In some embodiments, the method 600 may be
performed as part of the setting function described above
(see block 420 included 1n the method 400).

As 1llustrated mm FIG. 6, when the prediction function
classifies the predicted radio signal environment as the first
case (at block 605), the setting function may adjust the
linearity, gain, or the filtering of the radio receiver 240 to
compensate for the harsh radio signal environment (at block
610). For example, when the radio signal environment 1s
classified as the first case, the radio receiver 240 may enable
high linearity low-noise amplifiers, enable front-end attenu-
ators, and/or enable narrower or sharper bandpass filtering of
the desired first signal or notch filtering of the undesired
interfering second signal. In some embodiments, the attenu-
ation may be determined by the order of the receiver
impairment and 1ts frequency oflset (for example, first-order
for saturation/clipping, third or fifth order for imtermodula-
tion and spectral regrowth, and the like). The amount of
attenuation or gain adjustment may also depend on the
particular signal strengths involved (of the desired signal,
the intertering signal(s), or both).

In some cases, there may be more than one interfering
signal (that 1s modeled based on base station transmission
characteristics from multiple transmitters). In this case as
well, the frequency of the mterfering signals may be impor-
tant, since inter-modulation distortion depends on the rela-
tive frequencies involved, as well as the signal strengths of
the interferers (for example, one interferer may be present at
around some Irequency oflset F, (relative to the desired
signal)), while a second interferer may be present at around
2F ., which could result 1n inter-modulation distortion to the
desired signal). Higher order inter-modulation (at higher
order frequency multiples) may also occur. Note that cross-
modulation (with a single interfering carrier) may occur as
well (and may not be strongly dependent on a particular
interfering signal frequency). In general, the radio receiver
240 may be pre-characterized (for example, 1n the lab) for
any type of interferer scenario (for example, two out-of-band
broadband signals interfering for a narrowband land mobile
radio receiver) to characterize radio receiver performance in
those cases. This mformation may be stored in the radio
performance data 335 of the host memory 310 and helps the
setting function predict how the radio receiver 240 waill
perform when subject to a particular interference scenario
and how to best adapt the operating parameters of the radio
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receiver 240 (for example, by adjusting the filtering and the
individual gain stages of the radio receiver 240 to best
handle the interference).

Alternatively, when the prediction function classifies the
predicted radio signal environment as the second case (at
block 615), the setting function may adjust a sensitivity or
gain of the radio receiver 240 to compensate for the weak
radio signal environment (at block 620). For example, when
the radio signal environment 1s classified as the second case,
the radio recerver 240 may disable high insertion loss
components (for example, attenuators and the like) and
increase the front-end gain or relax the front-end selectivity/
filtering to allow more desired signal energy to pass.

Alternatively, when the prediction function classifies the
predicted radio signal environment as the third case (at block
625), the setting function may adapt the performance of the
radio receiver 240 to adjust to the bemgn radio signal
environment (at block 630). For example, when the pre-
dicted radio signal environment 1s classified as the third
case, the setting function may disable one or more filters or
additional signal processing (for example, disabling diver-
sity reception, equalization, and/or error correcting coding
iterations) performed by the radio receiver 240, which may
reduce unnecessary power consumption of the radio 105.

As noted above, 1mn some embodiments, the prediction
function may classity the predicted radio signal environment
to a default case, such as when the predicted radio signal
environment may not require enhanced signal processing
due to interference or reduced signal processing due to a lack
of mterference. In these situations, the setting function may
not set an operating parameter of the radio receiver 240 and
the radio recerver 240 may operate accordingly to a default
operating parameter.

As noted above, it should be understood that although the
methods described above are described 1n terms of the host
device 110 providing the functionality (performing the pre-
diction function and the setting function), the functionality
may be performed, 1n whole or in part, by another device.
For example, in some embodiments, the radio 105 (for
example, the radio electronic processor 205) performs the
prediction function and the setting function locally. In par-
ticular, the data stored 1n the host memory 310 may be stored
locally on the radio 105 and the radio electronic processor
205 may perform the methods described above or a portion
thereof. Similarly, 1n some embodiments, the radio 105 may
query the host device 110 for data included in the base
station data 325, the geographic data 330, the radio perfor-
mance data 335, or a combination thereof, which the radio
105 may use to perform the prediction function, the setting
function, or both. Alternatively or in combination, the host
device 110 may perform the prediction function as described
above and may provide the predicted radio signal environ-
ment, such as a classification of the predicted radio signal
environment, to the first base station 115, the radio 105, or
both. The radio 105 may receive the predicted radio signal
environment and perform the setting function as described
above. In some embodiments, the predicted radio signal
environment may be pre-generated by the prediction func-
tion, and stored in a database, which may in turn be stored
in the radio 105. In some embodiments, this database
contains compressed data on desired and interfering signal
strengths versus a plurality of operating locations of the
radio 105. The database may also contain other data (for
example, multipath or delay spread predictions and/or Dop-
pler shift predictions) versus operating locations of the radio
105. Also, as noted above, 1n some embodiments, the
functionality performed by the host device 110 described
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above or a portion thereof may be performed by the first base
station 115. Similarly, the functionality performed by the
host device 110 described above or a portion thereof may be
distributed among a plurality of servers.

In the foregoing specification, specific embodiments have
been described. However, one of ordinary skill in the art
appreciates that various modifications and changes can be
made without departing from the scope of the mvention as
set forth 1n the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to
be included within the scope of present teachings.

The benefits, advantages, solutions to problems, and any
clement(s) that may cause any benelit, advantage, or solu-
tion to occur or become more pronounced are not to be
construed as a critical, required, or essential features or
clements of any or all the claims. The invention 1s defined
solely by the appended claims including any amendments
made during the pendency of this application and all equiva-
lents of those claims as 1ssued.

Moreover 1n this document, relational terms such as first
and second, top and bottom, and the like may be used solely
to distinguish one entity or action from another entity or
action without necessarily requiring or implying any actual
such relationship or order between such entities or actions.

The terms “‘comprises,” “comprising,” “has,” “having,”

“includes,” “including,” “‘contains,” “containing” or any
other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus
that comprises, has, includes, contains a list of elements does
not include only those elements but may include other
clements not expressly listed or mherent to such process,

method, article, or apparatus. An element proceeded by
“comprises . . . a,” “has . . 7Y 7

e B 4 4

. a,” “includes . . . a,” or
“contains . . . a” does not, without more constraints, preclude
the existence of additional 1dentical elements in the process,
method, article, or apparatus that comprises, has, includes,
contains the element. The terms “a” and “an” are defined as
one or more unless explicitly stated otherwise herein. The
terms “‘substantially,” “essentially,” “approximately,”
“about” or any other version thereot, are defined as being
close to as understood by one of ordinary skill in the art, and
in one non-limiting embodiment the term 1s defined to be
within 10%, 1n another embodiment within 5%, 1n another
embodiment within 1% and 1n another embodiment within
0.5%. The term “coupled” as used herein 1s defined as
connected, although not necessarily directly and not neces-
sarilly mechanically. A device or structure that 1s “config-
ured” 1n a certain way 1s configured 1n at least that way, but
may also be configured 1n ways that are not listed.

It will be appreciated that some embodiments may be
comprised of one or more generic or specialized processors
(or “processing devices”) such as microprocessors, digital
signal processors, customized processors and field program-
mable gate arrays (FPGAs) and unique stored program
instructions (including both software and firmware) that
control the one or more processors to 1implement, 1n con-
junction with certain non-processor circuits, some, most, or
all of the functions of the method and/or apparatus described
herein. Alternatively, some or all functions could be 1mple-
mented by a state machine that has no stored program
instructions, or in one or more application specific integrated
circuits (ASICs), 1n which each function or some combina-
tions of certain of the functions are implemented as custom
logic. Of course, a combination of the two approaches could
be used.
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Moreover, an embodiment can be implemented as a
computer-readable storage medium having computer read-
able code stored thereon for programming a computer (for
example, comprising a processor) to perform a method as
described and claimed herein. Examples of such computer-
readable storage mediums include, but are not limited to, a
hard disk, a CD-ROM, an optical storage device, a magnetic

storage device, a ROM (Read Only Memory), a PROM
(Programmable Read Only Memory), an EPROM (Erasable
Programmable Read Only Memory), an EEPROM (Electri-
cally Frasable Programmable Read Only Memory) and a
Flash memory. Further, 1t 1s expected that one of ordinary
skill, notwithstanding possibly significant effort and many
design choices motivated by, for example, available time,
current technology, and economic considerations, when
guided by the concepts and principles disclosed herein will
be readily capable of generating such soiftware instructions
and programs and ICs with mimimal experimentation.

The Abstract of the Disclosure 1s provided to allow the
reader to quickly ascertain the nature of the technical dis-
closure. It 1s submitted with the understanding that it will not
be used to iterpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
can be seen that various features are grouped together in
various embodiments for the purpose of streamlining the
disclosure. This method of disclosure 1s not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter lies 1n less than all features of a single
disclosed embodiment. Thus the {following claims are
hereby incorporated 1nto the Detailed Description, with each
claim standing on 1ts own as a separately claimed subject
matter.

We claim:

1. A method of setting an operating parameter of a radio
receiver included 1n a radio, the method comprising:

pre-storing base station data in a memory;
determining an operating location of the radio;
determiming a transmission characteristic of at least one
base station by accessing the base station data stored 1n
the memory, wherein the transmission characteristic of
the at least one base station includes a transmitter
output power level of the at least one base station;

determining a performance specification associated with
the radio receiver based on 1dentification information of
the radio, whereimn the performance specification
including at least one selected from a group consisting
of a recerver sensitivity level, a recerver adjacent chan-
nel rejection level, an alternate channel rejection level,
an nter-modulation rejection level, and a tolerable
blocker level;
predicting, with an electronic processor, a radio signal
environment of the radio receiver based on the trans-
mission characteristic of the at least one base station,
the operating location of the radio, and the performance
specification associated with the radio receiver; and

setting the operating parameter of the radio receiver based
on the radio signal environment.

2. The method of claim 1, further comprising selecting the
at least one base station from a plurality of base stations

based on the operating location of the radio.

3. The method of claim 1, wherein the transmission
characteristic of the at least one base station further includes
at least one transmission parameter selected from a group
consisting of a transmitter frequency of the at least one base
station, an antenna height of the at least one base station, an
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antenna pattern of the at least one base station, an out of
band emissions level of the at least one base station, an
cllective 1sotropic radiated power of the at least one base
station, and a transmission timing reference of the at least
one base station.

4. The method of claim 1, wherein predicting the radio
signal environment includes estimating a first signal strength
of a desired signal at the operating location of the radio,
estimating a second signal strength of an undesired signal at
the operating location of the radio, and predicting the radio
signal environment of the radio receiver based on the first
signal strength and the second signal strength.

5. The method of claim 1, wherein predicting the radio
signal environment includes estimating a frequency of an
undesired signal at the operating location of the radio based
on the transmission characteristic of the at least one base
station and predicting the radio signal environment of the
radio receiver based on the frequency.

6. The method of claim 1, wheremn predicting the radio
signal environment includes estimating a frequency oflset of
a signal at the operating location of the radio based on the
transmission characteristic of the at least one base station
and predicting the radio signal environment of the radio
receiver based on the frequency ofl

set.

7. The method of claim 6, wherein estimating the fre-
quency ollset of the signal at the operating location includes
estimating a Doppler frequency based on a location of the at
least one base station and a relative velocity of the radio.

8. The method of claim 1, further comprising determining,
a measurement of a local radio signal, and wherein predict-
ing the radio signal environment includes predicting the
radio signal environment based on the transmission charac-
teristic of the at least one base station and the measurement
of the local radio signal.

9. The method of claim 1, wherein setting the operating
parameter ol the radio receiver based on the radio signal
environment 1ncludes at least one selected from a group
consisting of changing a communication channel of the
radio receiver, changing a communication system of the
radio receiver, changing a filtering mode of the radio
receiver, changing a linearity mode of the radio receiver,
changing an attenuation of the radio receiver, changing a
gain of the radio receiver, changing a local oscillator of the
radio receiver, adjusting a Doppler shift of the radio receiver,
changing an equalization mode of the radio recerver, and
changing a diversity reception mode of the radio recerver.

10. The method of claim 1, wherein setting the operating
parameter ol the radio receiver based on the radio signal
environment 1ncludes disabling functionality of the radio
receiver.

11. The method of claim 1, further comprising predicting
an updated radio signal environment of the radio receiver
when the operating location of the radio receiver changes by
more than a predetermined amount.

12. The method of claim 1, further comprising predicting
an updated radio signal environment of the radio receiver
when the operating location of the radio changes by more
than a predetermined amount, wherein the predetermined
amount 1s based at least 1n part on the operating location the
radio.

13. A communication system comprising:

a radio mncluding a radio receiver; and

a host device including a memory and an electronic

processor configured to

determine an operating location of the radio,

determine a transmission characteristic of at least one
base station, wherein the transmission characteristic

10

15

20

25

30

35

40

45

50

55

60

65

24

of the at least one base station includes a transmitter
output power level of the at least one base station,

determine a performance specification associated with
the radio receiver based on 1dentification information
of the radio, wherein the performance specification
including at least one selected from a group consist-
ing of a recerver sensitivity level, a receiver adjacent
channel rejection level, an alternate channel rejection
level, an inter-modulation rejection level, and a
tolerable blocker level,

predict a radio signal environment of the radio receiver
based on transmission characteristic of the at least
one base station, the operating location of the radio,
and the performance specification associated with
the radio receiver, and

set an operating parameter of the radio receiver based
on the radio signal environment.

14. The communication system of claim 13, wherein the
transmission characteristic of the at least one base station
turther includes at least one transmission parameter selected
from a group consisting of a transmitter frequency of the at
least one base station, an antenna height of the at least one
base station, an antenna pattern of the at least one base
station, an out of band emissions level of the at least one
base station, and a transmission timing reference of the at
least one base station.

15. The communication system of claim 13, wherein the
clectronic processor 1s configured to set the operating
parameter of the radio receiver based on the radio signal
environment by performing at least one selected from a
group consisting of changing a communication channel of
the radio recerver, changing a filtering mode of the radio
receiver, changing a linearity mode of the radio recerver,
changing an attenuation of the radio receiver, changing a
gain of the radio receiver, changing a local oscillator of the
radio recerver, adjusting a Doppler shiit of the radio recerver,
changing an equalization mode of the radio recerver, and
changing a diversity reception mode of the radio recerver.

16. A radio comprising:

a radio receiver:

a memory; and

an electronic processor configured to

pre-store base station data in the memory,

determine an operating location of the radio,

determine a transmission characteristic of at least one
base station by accessing the base station data stored
in the memory, wherein the transmission character-
istic of the at least one base station includes a
transmitter output power level of the at least one base
station,

determine a performance specification associated with
the radio receiver based on 1dentification information
of the radio, wherein the performance specification
including at least one selected from a group consist-
ing of a receiver sensitivity level, a recetver adjacent
channel rejection level, an alternate channel rejection
level, an inter-modulation rejection level, and a
tolerable blocker level,

predict a radio signal environment of the radio recerver
based on the transmission characteristic of the at
least one base station, the operating location of the
radio, and the performance specification associated
with the radio receiver, and

set an operating parameter of the radio recerver based
on the radio signal environment.

17. The radio of claim 16, wherein the transmission
characteristic of the at least one base station further includes
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at least one transmission parameter selected from a group
consisting of a transmitter frequency of the at least one base
station, an antenna height of the at least one base station, an
antenna pattern of the at least one base station, an out of
band emissions level of the at least one base station, and a 5
transmission timing reference of the at least one base station.

18. The radio of claim 16, wherein the electronic proces-
sor 1s configured to set the operating parameter of the radio
receiver based on the radio signal environment by perform-
ing at least one selected from a group consisting of changing 10
a communication channel of the radio receiver, changing a
communication system of the radio receiver, changing a
filtering mode of the radio receiver, changing a linearity
mode of the radio receiver, changing an attenuation of the
radio recerver, changing a gain of the radio receiver, chang- 15
ing a local oscillator of the radio receiver, adjusting a
Doppler shift of the radio receiver, changing an equalization
mode of the radio receiver, and changing a diversity recep-
tion mode of the radio recerver.
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